Introduction {#S1}
============

Myotonic muscular dystrophy type 1 (DM1) is an autosomal dominant, multisystem degenerative disorder due to unstable expansion of CTG trinucleotide repeats.^[@R1],[@R2]^ In addition to the clinical features of muscle wasting, weakness and myotonia, the patients with DM1 often have involvement of heart, eye, brain, endocrine and other organ systems, which impact the function, quality of life and survival in these patients.^[@R3]--[@R5]^ Cardiac involvement in the form of arrhythmias and/or conduction defects is frequent, occurring in 50--65% of patients with DM1.^[@R2]--[@R7]^ Primary cardiomyopathy in DM1 presenting as congestive heart failure is rare; however, subclinical systolic dysfunction has been reported with a prevalence of 0--28% in different studies using echocardiographic or magnetic resonance imaging.^[@R7]--[@R11]^ The frequency of cardiac conduction defects and tachy/bradyarrhythmias correlates significantly with increasing age, male gender, number of CTG repeats and neuromuscular disability.^[@R2],[@R5],[@R6],[@R10],[@R12]^ In contrast, there is no consistent association of such risk factors with structural myocardial involvement and systolic dysfunction.^[@R9],[@R11],[@R13]^ In the present study, we describe the nature and prevalence of various structural myocardial abnormalities as noted on echocardiographic imaging in adult patients with DM1, and attempt to define factors associated with the abnormal ECHO findings.

Materials and Methods {#S2}
=====================

We retrospectively reviewed the clinical, electrocardiographic (EKG) and ECHO findings in adult patients with DM1. The information was obtained from the MDA (Muscular Dystrophy Association) clinic and database of the Echocardiography laboratory at our institute. The diagnosis of DM1 was based on characteristic clinical phenotype, positive family history consistent with autosomal dominant transmission, electromyographic findings, and/or expansion of CTG repeats on genetic testing. Adult patients (\>18 years), in whom echocardiogram results were available, were included in the study. Patients with known underlying cardiac disease (ischemic, congenital or valvular) were excluded. The medical records of the patients were reviewed for the demographics, history of cardiac symptoms, duration of illness, proximal (shoulder abduction, hip flexion) and distal (grip, ankle dorsiflexion) muscle strength in extremities \[grade 0--5 of Medical Research Council (MRC) scale\],^[@R14]^ presence of congenital myotonic dystrophy, EKG findings, and number of CTG repeats if the results of genetic testing were known.

ECHO reports and video recordings (when available) were reviewed by a cardiologist (KA). Various parameters assessed on echocardiogram included left ventricular ejection fraction (LVEF), chamber enlargement, valvular dysfunction, wall motion abnormality and Doppler findings (E/A and E deceleration Time pulse wave recording from left ventricular inflow, Tricuspid Regurgitation maximum velocity on continuous wave Doppler). LVEF was calculated as: end diastolic volume-end systolic volume, divided by end diastolic volume. Patients with abnormal *vs.* normal ECHO were compared for age, gender, cardiac symptoms, EKG findings of prolonged PR interval, left anterior fascicular block and QTc interval, presence of congenital myotonic dystrophy (CMD), severe distal weakness (MRC \<4), and presence of proximal muscle weakness (MRC \<5).

Statistical analysis was performed by independent t-test and Fisher exact test, and P value \<0.05 was considered significant. The study was approved by the Institutional Review Board of the University of Missouri, USA.

Results {#S3}
=======

Among the 34 patients with DM1 in whom ECHO reports and/or recordings were available, 3 patients were excluded because of incomplete clinical information, and another 4 patients were excluded because of underlying cardiovascular disorder (2 with coronary artery disease, 1 with patent *ductus arteriosus* and 1 with acute pulmonary embolism at the time of ECHO). The remaining 27 patients (60% men) aged 39.1±14.1 years (range 19--61 years) comprised the study group. History of cardiac symptoms (tachycardia, palpitations, or known atrial fibrillation) was present in 8 patients, proximal weakness was noted in 19 patients, and distal weakness was observed in 26 patients including severe (MRC \< 4) weakness in 13 patients. Six patients (age 19--54 years) had diagnosis of congenital myotonic dystrophy.

EKG was available in 25 patients and showed atrial flutter and atrial fibrillation in 1 patient each, first degree atrio-ventricular block (AVB1) in 8 patients, left anterior fascicular block in 7 patients, left bundle branch block (LBBB) and trifascicular block in 1 patient each. Results of genetic testing were available only in 9 patients (CTG repeats n 99-2600) and were not included in further statistical analysis.

An echocardiographic study was considered abnormal if one or more of the following were present: LVEF less than or equal to 50%, regional wall motion abnormality, left atrial enlargement, moderate or severe valvular regurgitation, valvular stenosis, pulmonary hypertension or Doppler evidence of diastolic dysfunction or other significant finding not seen on a normal study.^[@R15]^

Ten patients (37%) had abnormal echocardiogram, including 5 patients with abnormality in more than one parameter. Reduced LVEF (range 35--50%) was observed in 5 (18.5%) patients, left atrial dilatation in 3, left ventricular hypertrophy in 2, and apical wall hypokinesia and paradoxical septal motion in 1 patient each. Mild diastolic dysfunction was noted in 4 patients. Two of these patients had evidence of impaired relaxation and 2 had pseudo-normalization pattern. Diastolic dysfunction on doppler study was the only abnormal finding in 2 patients. The patient with paradoxical septal movement had left bundle branch block on EKG and no other ECHO abnormality. Mitral valve prolapse (MVP) was noted in 3 patients, being an isolated finding in 2 patients, and in one patient it was associated with moderate mitral valve regurgitation and diastolic dysfunction.

Various clinical and EKG findings in patients with normal or abnormal ECHO are compared in [Table 1](#T1){ref-type="table"}. The presence of an abnormal ECHO significantly correlated only with older age (P=0.017). There was a trend for association with first degree atrio-ventricular block (AVB1), but this association was not statistically significant.

Table 1Comparison of clinical and electrocardiographic findings in myotonic dystrophy type 1 patients with normal and abnormal echocardiogram.ParameterTotal (n=27)Normal ECHO (n=17)Abnormal ECHO (n=10)Age (years)39.1±14.147.4±11.1034.2±13.6[\*](#TF1-1){ref-type="table-fn"}Male1697Female1183Duration of illness (years)21.0±13.317.4±2.825.9±13.2Cardiac symptoms853PR interval \>200 ms826Left anterior fascicular block752QTc ms414.6±30.1414.0±27.8415.5±34.7Proximal weakness19118Severe distal weakness (MRC \<4)1376Congenital myotonic dystrophy651[^3]

All 5 patients with systolic dysfunction (LVEF 35--50%) were men, aged 27--52 years, who had DM1 for 6 to 27 years. The systolic dysfunction was mild in 2 (LVEF 50%) and moderate (LVEF 35%, 37% and 40%) in 3 patients. None of these patients had findings of dilated left ventricle. Clinical findings of congestive heart failure were not observed in any of these patients. Proximal muscle weakness was present in 4 patients, severe distal weakness in 3 and history of tachyarrhythmia in another 2 patients ([Table 2](#T2){ref-type="table"}). Any association between the subclinical systolic dysfunction and demographic or other risk factors, or CTG repeat length could not be determined due to the small number of patients.

Table 2Characteristics of adult myotonic dystrophy type 1 patients with systolic dysfunction.N.LVEF (%)Age (years)Duration illness (years)Other ECHO abnormalityEKGWeakness proximal/distal \<41504011NoneNormalY/Y1637349NoneA FibN/N19502727[\*](#TF2-2){ref-type="table-fn"}Apical hypokinesiaLAFBY/N23355227NoneAVB1Y/Y2840476Left atrial dilatationAFL AVB1Y/Y[^4]

Among the 6 patients (2 female) with CMD, an abnormal ECHO was observed only in one patient (27 years-male) in the form of apical wall hypokinesia and LVEF 50%. The observed frequency of abnormal ECHO in the congenital type was not different from the adult type of DM1 ([Table 1](#T1){ref-type="table"}).

Discussion {#S4}
==========

The significant findings in our study were frequent echocardiographic abnormalities in adult patients with DM1, with overall significant correlation with increasing age, but the subclinical systolic dysfunction (reduced LVEF) was observed even at younger (\<40 year) age. We noted echocardiographic abnormalities in over one third of the adult patients with DM1, including findings of reduced LVEF in half of these patients. Other ECHO abnormalities included diastolic dysfunction, left atrial dilatation, mitral valve prolapse, regional wall motion abnormality and left ventricular hypertrophy. The pattern and prevalence of various abnormalities were similar to those observed by previous investigators.^[@R9]--[@R11],[@R13]^ Such wide range of abnormalities appear to be commensurate with the reported pathological changes in DM1, of widespread patchy fibrosis and fatty degeneration affecting myocardium in all chambers.^[@R1],[@R3],[@R16]^

The overall echocardiographic abnormalities in our study correlated significantly with older age; however, 2 of the 5 patients with reduced LVEF were aged 27 and 34 years. In contrast, previous studies in a large cohort have documented significant association of systolic dysfunction in DM1 with increasing age, noting that it almost always occurred after the age of 40 years.^[@R9],[@R13]^ It is possible that mechanisms other than age related changes may also underlie the left ventricular dysfunction in DM1 patients. Among other clinical factors evaluated to determine the DM1 patients at risk for left ventricular dysfunction, significantly higher incidence has been reported in male patients,^[@R11],[@R13]^ but no consistent association has been observed with number of CTG repeats, duration of illness or neuromuscular disability.^[@R9]--[@R11],[@R13]^ Of note, all patients with reduced LVEF in our study were male; however, a specific relationship with various clinical and demographic factors could not be determined due to the small number of cases.

We observed mild diastolic dysfunction in 4 patients, and this was an isolated finding in 2 of these patients. Several studies, using conventional or tissue Doppler imaging have documented diastolic dysfunction in DM1 patients with normal ejection fraction, and hence these findings have been considered an early indicator of left ventricular dysfunction.^[@R17],[@R18]^ It has been proposed that the myocardial degenerative process as well as poor relaxation due to myotonia may contribute to the diastolic dysfunction.^[@R1],[@R3],[@R17]^

Regional wall motion abnormality on ECHO has been reported in 11.2--28% patients with DM1.^[@R9],[@R10]^ We noted this finding only in one patient in the form of apical hypokinesia. An interesting observation was paradoxical movement of the interventricular septum in a patient who also had left bundle branch block (LBBB). In other cardiac conditions, LBBB is reported to be associated with paradoxical septal movement and may have significant hemodynamic consequences.^[@R19],[@R20]^ However, paradoxical septal motion in the setting of LBBB has not been described previously in patients with DM1. Among other EKG changes, we noted a trend, albeit not significant, for association of prolonged PR interval with abnormal ECHO. Previous investigators have shown significant correlation of prolonged PR interval and/or prolonged QRS with reduced LVEF and regional wall motion abnormality in patients with DM1.^[@R5],[@R10],[@R13]^ On the other hand, Kaminski *et al.*^[@R12]^ observed that an abnormal ECHO in DM1 patients was a predictor of high risk for cardiac arrhythmias and conduction defects. Similarly to other investigators, we also found an interdependence of EKG and ECHO abnormalities in patients with DM1, such that the abnormality in either one could prompt further evaluation to determine the full range of cardiac involvement.

The findings of subclinical left ventricular dysfunction in DM1 patients in our study thus ranged from reduced LVEF to diastolic dysfunction and regional wall motion abnormality similar to the previous studies.^[@R9],[@R10],[@R12],[@R13]^ Our study did not include a longitudinal follow up, therefore long term clinical impact of these ECHO changes could not be determined. Long term follow up of DM1 patients in a few studies has revealed increasing frequency of left ventricular dysfunction, and association of ECHO abnormalities with increased mortality and sudden death.^[@R5],[@R10],[@R13]^

Congenital myotonic dystrophy is considered the severest phenotype of DM1, with high mortality in infancy and childhood, and only about 50% of patients survive to adulthood.^[@R21]^ In addition to cardiac conduction defects, obstructive cardiomyopathy and systolic dysfunction have been reported.^[@R22],[@R23]^ In our study, abnormal ECHO (apical hypokinesia and LVEF 50%) was noted in only 1 out of 6 patients with CMD. The incidence is similar to the adult type of DM1, and patients with CMD who survive to adulthood do not seem to have any increased vulnerability to myocardial involvement.

The major limitation of our study is the retrospective review of a relatively small number of patients, and genetic testing not being available in all patients. Therefore a definitive relationship of clinical features, EKG changes and CTG repeat length with structural myocardial involvement could not be assessed.

Conclusions {#S5}
===========

In conclusion, we found a wide range of echocardiographic abnormalities in over one third of adult patients with DM1. Subclinical systolic dysfunction on ECHO was present even at younger age (\<40 years), although myocardial involvement was more frequent with increasing age. The frequency of abnormal ECHO in adult patients with CMD was similar to that observed in patients with the classical type of DM1. The study also points to an interdependence of EKG and ECHO abnormalities. Our findings support the need for investigation of structural myocardial involvement in adult patients with DM1.
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